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FOREWORD 
 
A Word from the Editor-in-Chief 
 
Dear colleagues, 
In your hands is the Book of Proceedings of the X International Scientific Agricultural 
Symposium “AGROSYM 2019”, which I hope you will find useful in your work. As many as 
900 contributions, from 82 countries, have been accepted for oral or poster presentations. 
Symposium themes cover all branches of agriculture and are divided into 7 sessions: 1) Plant 
production, 2) Plant protection and food safety, 3) Organic agriculture, 4) Environmental 
protection and natural resources management, 5) Animal husbandry, 6) Rural development 
and agro-economy, 7) Forestry and agroforestry. Papers dealing with agricultural engineering 
and technology were included into one of the seven sessions depending on their focus. 
In the plenary lectures were addressed interesting topics; one keynote was on 
biotechnology and two others dealt with organic farming in Australia and Europe. This 
confirms the role of AGROSYM as a forum for open discussions and exchanges on 
agriculture, food, the environment and rural development in the Balkans and beyond. Many of 
the papers identify a number of approaches and market-based incentives to encourage 
producers to achieve higher levels of performance (from both economic and environmental 
points of view) and as a result to meet the expectations of governments and consumers. 
The successful management of agricultural resources to satisfy changing human needs, 
while maintaining or enhancing the quality of the environment and conserving natural 
resources, indicate a long-term agricultural development imperative. Advances in 
productivity, profitability and stability of modern cropping, animal and forestry systems will 
have to be achieved globally on an ecologically sustainable basis. Today, it is obvious that 
conventional methods of agricultural production, while providing sufficient food and various 
products to humanity, have led to a number of negative impacts, including the transgression 
of many planetary boundaries. These negative impacts raise serious questions about the long-
term sustainability of high-input agriculture and call for a genuine transition towards 
sustainable agro-food systems, which achieve food and nutrition security for present and 
future generations within the safe operating space for humanity.  
 Full texts of the submitted communications will be available on the website of 
AGROSYM (http://agrosym.ues.rs.ba). Each paper included in the present Book of 
Proceedings was positively reviewed. 
Much appreciation is due to the authors of all papers submitted and presented at the 
symposium as well as to all symposium participants whose ideas and contributions allowed 
rich and lively discussions during the various sessions. Many thanks to all reviewers, session 
moderators and colleagues for their help in editing the Book of Proceedings. Special thanks 
go to all co-organizers, partners and sponsors for their unselfish collaboration and 
comprehensive support. 
                                                                   Editor-in-Chief 
 
--------------------------------------- 
Dusan Kovacevic, PhD  
East Sarajevo, 12 October 2019 
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Abstract 
Birdsfoot trefoil (Lotus corniculatus L.) is a species adapted to field conditions in the most 
important livestock production region in the all continents and constitutes a very valuable 
forage species. It has a high ability to utilize nutrients and has very modest demands on the 
conditions of its growth. The roots of birdsfoot trefoil are associated with bacteria that fix 
atmospheric nitrogen and, thusly, its populations increase the availability of nitrogen in the 
soil. This species often forms dense, fibrous root networks that reduce soil erosion. Isolation 
of the pathogen was done from the leaves and roots. Black leaf spots were observed on 
birdsfoot trefoil in field plots in Serbia. These spots were circular to irregular. Single lesions 
often coalesced to form larger lesions and became dark brown. On the roots systems of a large 
number of plants birdsfoot trefoil symptoms of light to dark brown necrosis and discoloration 
of conductive tissues were observed. There has not been a systematic research of birdsfoot 
trefoil mycoflora in Serbia. This research aims to present the results of preliminary research of 
mycopopulation of 12 different genotypes of birdsfoot trefoil. Total of 480 plant parts have 
been examined and 7 genera of fungi were isolated: Alternaria, Fusarium, Phythophthora, 
Mucor, Sclerotinia, Bipolaris and Rhizoctonia. Considering the importance of birdsfoot trefoil 
as a fodder crop in Serbia, the aim of this study was to identify phytopathogenic fungi as 
casual agents of diseases in birdsfoot trefoil for a clearer perception of problems (the 
extinction of plants, reducing yields, deterioration of the quality of feed and others) arising as 
a result of the presence of those fungi. 
 
Key words: birdsfoot trefoil, fungi, mycoflora. 
 
Introduction 
Birdsfoot trefoil is a widespread plant throughout the world. It originates from Western 
Europe and North Africa. Birdsfoot trefoil is a very valuable fodder crop that has an important 
place in our country. It can be cultivated as a single crop or mixed with other crops and used 
for grazing or for conservation in the form of hay or silage. In addition to being cultivated as a 
single crop, birdsfoot trefoil has the most important place in grass-leguminous mixtures in the 
establishment of planted grasslands (Vučković et al., 2010). Birdsfoot trefoil is a plant that 
thrives on all types of soil, whether sour, lime, sandy, clay or salty. It grows on low quality 
soils that are not favorable for alfalfa (Vučković et al., 2010). 
There are small requirements for soil acidity (Petrović et al., 1996). Birdsfoot trefoil hay 
contains an average of 18% of crude protein. Birdsfoot trefoil does not cause bloat in 
ruminant animals (Vučković et al., 2010). The Birdsfoot trefoil is distinguished by its high 
digestibility and ability to utilize nutrients and very modest requirements considering the 
conditions of its growth, especially the soil (Petrović et al., 1996). Due to the developed 
symbiotic bacteria at the root, significant quantities of nitrogen can be fixed annually, which 
according to some authors exceed 200 kg/ha (Vučković et al., 2010). 
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Phytopathogenic causative agents of birdsfoot trefoil disease can be present year after year. 
They are of different intensity and can cause significant losses in yield and the quality of hay. 
Diseases can limit persistence of Lotus spp. in production systems. Several pathogens are 
involved in a ’’diseases complex’’. Nevertheless, little is known about diseases and their 
impacts, both in the world and ours. Fungal pathogens are the most prevalent organisms and 
according to the plant tissue they can affect, diseases are classified as follows. 
The genus Epicoccum was reported in Argentina as a seed pathogen in Lotus spp. (Sisterna 
and Lori, 2005). Also, Epicoccum nigrum in Argentina was cited as a causative agent of 
brown leaf spot of birdsfoot trefoil (Colavolpe et al., 2018). 
Fusarium wilt (caused by Fusarium oxysporum f. sp. loti) is a serious disease of birdsfoot 
trefoil, reducing yield of forage and seed (Miller-Garvin et al., 2011). Similarly, inducers of 
diseases such as Rhizoctonia solani, Cercospora medicaginis, Sclerotinia trifoliorum, 
Stemphylium botryosum, Verticillium albo-atrum, as well as species of genus Phytium, 
Leptosphaerulina, Phoma, Fusarium and Alternaria, are significant disease agents in 
birdsfoot trefoil as a fodder crop, spread in all the areas of its production (Villegas-Fernández 
and Rubiales, 2011; Sillero et al., 2014, Vasić, 2015, Vasić, 2017). If care is not taken, the 
disease can cause serious damage to birdsfoot trefoil seedlings. 
Considering the importance of birdsfoot trefoil as a fodder crop in Serbia, the aim of this 
study was to identify phytopathogenic fungi as casual agents of diseases in birdsfoot trefoil 
for a clearer perception of problems (the extinction of plants, reduction of yields, deterioration 
of the quality of feed and other) arising as a result of the presence of those fungi.  
 
Material and methods 
For the mycopopulations study, samples were collected from the experimental plant 
genotypes of birdsfoot trefoil (Lotus corniculatus L.) originating from Serbia, from the Rasina 
region (Gaglovo 1 and 2, Globoder 1, 2, 3, 4, 5, 6 and 7), Mačvanski region (Svileuva 1 and 
2) and Pomoravski region (Gložane). The samples were collected between Mart and June 
2016-2017 at the location of the Institute for forage crops in Globoder. Parts of plants are 
carefully washed under running water. After washing, the parts of stem and roots are cut to 
piece of 0.5-1 cm in size. Prepared samples of roots and stems were disinfected with 96% 
ethanol for 10 seconds and with 1% sodium hypochlorite (NaOCl) for 1 minute and then 
washed three times in sterile distilled water. They were then dried on sterile filter paper and 
placed on potato dextrose agar (PDA) with streptomycin. Five pieces of the plant parts (roots 
and tree) were placed in each Petri dish in four replications. They were kept in a thermostat at 
25°C in 12 h light / 12 h night regime. The observations were performed every 3 days, and the 
majority of mycelium samples were developed up to 14 days. Developed mycelia were 
screened to a new PDA substrate and, after an initial grow, the peak part of the mycelium was 
reseeded on PDA again. 
Microscopic examination was performed using microscopes Olympus CX31. Morphological 
identification of fungi to the genus was carried out using a standard key. Calculated by the 
frequency of isolation in % according to the formula Vrandečić et al. (2011): 
 
(%) Isolation 
frequency = 
Number of segments containing the 
fungal species 
x 100 
Total number of segments used in the 
isolation 
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Results and discussion  
In the study of mycopopulations of birdsfoot trefoil genotypes, total of 480 plant parts were 
analyzed. Fungi were isolated on all plants from birdsfoot trefoil, and there were clear 
symptoms on stems in the form of spots and necrotic lesions. Fungi from genus Alternaria, 
Phythophthora, Fusarium and Rhizoctonia were isolated from these plants. Also, in small 
number of plants, there were necroses with white airy mycelium in the lower third of stems 
and fungi from the genus Sclerotinia and Bipolaris were isolated from those plants. Also, 
saprophytic fungi from the genus Mucor were isolated (Table 1). 
 
Table 1. Frequency of fungal isolation on Lotus corniculatus L. 
Genotypes 
Number of 
samples 
Fungi species - 
stem 
(%) 
Isolation 
frequency 
Fungi species - 
root 
(%) 
Isolation 
frequency 
Plant 
part - 
leaf 
Plant 
part - 
root 
Globoder 1 
 
20 
 
20 
Alternaria sp. 
Fusarium sp. 
Phythophthora sp. 
15 
10 
25 
Rhizoctonia sp. 
Fusarium sp. 
40 
35 
Globoder 2 20 20 Alternaria sp. 60 Rhizoctonia sp. 75 
Globoder 3 20 20 Phythophthora sp. 
Alternaria sp. 
Mucor sp. 
25 
20 
40 
Fusarium sp. 85 
Globoder 4 20 20 Alternaria sp. 35 Rhizoctonia sp. 65 
Globoder 5 20 20 Fusarium sp. 
Rhizoctonia sp. 
25 
10 
Fusarium sp. 
Rhizoctonia sp. 
65 
20 
Globoder 6 20 20 Phythophthora sp. 
 
60 
 
Fusarium sp. 
Rhizoctonia sp. 
10 
85 
Globoder 7 20 20 Alternaria sp. 
Mucor sp. 
40 
15 
Rhizoctonia sp. 75 
Svileuva 1 
20 20 
Rhizoctonia sp. 35 
Fusarium sp. 
Rhizoctonia sp. 
25 
70 
Svileuva 2 20 20 Fusarium sp. 
 
10 
 
Fusarium sp. 
Rhizoctonia sp. 
20 
65 
Gaglovo 1 20 20 Alternaria sp. 60 Fusarium sp. 75 
Gaglovo 2 20 20 Sclerotinia sp. 
Bipolaris sp. 
30 
35 
Fusarium sp. 
 
85 
 
Gložane 
20 20 Alternaria sp. 
Fusarium sp. 
15 
35 
Fusarium sp. 
 
90 
 
 
The symptoms of a light to dark brown necrosis on the root system of the plants were 
observed, and from these plants fungi of the genera Rhizoctonia were isolated. Discoloration 
of the conductive tissues of the root system was observed in a large number of plants, and 
from these plants, fungus of the genus Fusarium was isolated (Table 1). 
Isolations were conducted in all the birdsfoot trefoil plants with clearly visible symptoms of 
the disease.  
In these studies, there was a difference in the frequency of isolation of certain genera of 
phytopathogenic fungi in birdsfoot trefoil genotypes originated from different regions of 
Serbia. It has been observed that in birdsfoot trefoil genotypes that originated from the Rasina 
region, fungi of the genera Alternaria, Rhizoctonia and Fusarium were more frequently 
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isolated. While the genera Sclerotinia and Bipolaris were isolated in significant percentages 
on one sample originating in the Rasina district (Table 1). Likewise, genera Fusarium and 
Fusarium were more often isolated from genotypes originated from the Pomoravlje region. 
While in the Mačva region isolated fungi from the genus Fusarium and Alternaria. 
The results indicate that birdsfoot trefoil is vulnerable to the attack of a large number of 
phytopathogenic fungi that can have a significant impact on reducing its yield and quality.  
In all the plants, in which isolations were conducted, there were clearly visible symptoms of 
the disease present. In these studies, there was difference in frequency of isolation of some 
genera of phytopathgenic fungi in birdsfoot trefoil genotypes from three regions in Serbia. It 
was observed that in the genotypes that originated in Serbia, fungi of genus Rhizoctonia, 
Fusarium, Alternaria, Phythophthora and Sclerotinia were frequently isolated.  
Birdsfoot trefoil are adversely affected by numerous fungal diseases leading to a steady 
reduction in the cultivated area in many countries. Crown and root diseases considered 
chronic diseases, causing plant death and losses of 60 to 80%. Typical symptoms are rot and 
wilt. The main Genus is Fusarium (F. solani,F. oxysporum, F. vertillicioides and F. equiset ) 
(Sisterna and Lori, 2005). Stem and foliar diseases onse do not cause directly the plant death. 
They contribute to the progressive weakness of the plant through the effects on the basic 
metabolic processes. The reported pathogens are Phomopsis loti (blight) Colletotrichum 
destructivum (anthracnose), Stenphylium loti (leaf spot) (Vasić et al., 2016, Sisterna and Lori, 
2005). Seed diseases they cause decrease in germination and damping off. Fungi genera 
present in the seed are: Alternaria, Aspergillus, Bipolaris, Botrytis, Cladosporium, 
Colletotrichum, Culvaria, Epiccocum, Fusarium, Leptosphaearulina, Penicillium, Phoma, 
Phomopsis, Stemphylium and Verticillium (Sisterna and Lori, 2005). 
The Fusarium oxysporum isolates pathogenic to birdsfoot trefoil have a unique host range 
relative to other pathogenic Fusarium oxysporum tested; they cause severe vascular wilt on 
birdsfoot trefoil but not on alfalfa (Medicago sativa L.), red clover (Trifolium pratense L.), 
dry bean (Phaseolus vulgaris L.), or soybean [Glycine max (L.) Merr.]. Fusarium oxysporum 
f. sp. loti is only known to occur in USA (Miller-Garvin et al., 2011). Altier et al. (2000) 
showed that one cycle of phenotypic selection in the greenhouse using a composite of 
Uruguayan Fusarium oxysporum isolates increased the level of resistance to Fusarium root 
and crown rot in birdsfoot trefoil adapted to Uruguay. The Uruguayan Fusarium oxysporum 
isolates cause vascular wilt and root necrosis similar to the disease symptoms caused by 
Fusarium oxysporum f. sp. loti, but the wilt symptoms develop more slowly. The Uruguayan 
isolates of Fusarium oxysporum are primarily associated with disease development on mature 
plants, with disease symptoms and plant mortality becoming most severe in the second and 
third production years. Fusarium oxysporum f. sp. loti causes considerable plant mortality at 
the seedling stage Miller-Garvin et al. (2011). 
Al-Jaradi et al. (2018) state the fungus of the genus Alternaria spp. causing various types of 
spots and blights on Vicia faba, Pisum sativum and Vigna unguiculata. Likewise, Coca-
Morante and Mamani-Álvarez (2012) detected fungus from the genus Alternaria on Vicia 
faba plants in Bolivia. At three sites in Bolivia, Alternaria sp. were found during the 
vegetative growth of the plants. Problems appeared as isolated spots. Colavolpe et al. (2018) 
in Argenitina for the first time stated Epicoccum nigrum as causing a brown leaf spot of 
birdsfoot trefoil. On infected plants birdsfoot trefoil, yellow spot and black spots were spotted 
(Sisterna and Lori, 2005). 
 
Conclusion 
This paper presents the preliminary results of mycopopulations research in 12 experimental 
birdsfoot trefoil genotypes. Birdsfoot trefoil is an important forage crop and its importance as 
livestock feed is growing within our country. This research is the beginning of a more 
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comprehensive study of phytopatogenic fungi on of birdsfoot trefoil. So far, there were no 
significant researches in this direction in Serbia, so the future researches related to birdsfoot 
trefoil will go in the direction of selection of genotypes with increased tolerance to fungal 
diseases. 
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